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THE PURIFICATION OF PUBLIC WATER
SUPPLIES

The first filter for the treatment of large bodies of water f( i

the supply of. towns was started in iHjg by the Englishman,
Simpson, for the Chelsea Water Company of London. Since that
day the process has undergone but slight modification; though,
when Bacteriology became ;i s( ience, there came a l>etter undci-
standing of the action of filters and a demand for ever-increasing
efficiencies, especially as regards the elimination of micro-
organisms.

It is a coincidence that gas, another Hnglish invention, was
first used for the illumination of cities and homes at about the same
date; and this, too, until recent times, remained the best artificial

luminant known. Then, in the eighties, came the electric light;

and, later, gas was employed as a means of generating current.
Thus the old became the servant of the new. With the electric;

light came machines, in 1886, that made possible the production of
ozone in large quantities; and the fact was promptly utilized in

attempts to remedy, on a commercial scale, the deficiencies of
filters, which the new science of Bacteriology had revealed. These
attempts, bravely continued during twenty years, failed—until
recently. Now it looks as though, just as gas became the handmaid
of electricity, filtration is to become subser\ient to ozonization,
with increased comfort and safety to human life.

That ozonization as a means of purifying water has not
progressed since 1886 as rapidly as has electric illumination is

largely due to the fact that its advance was dependent upon, and,
therefore, followed, the advances made in electric lighting. It was
not until the closing decade of the century that the alternating
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on ozone prodiution and went to H,.ll;,ntl. There he met B.iron von
Inulal, who „vvne<l a larKo dairy far.n, and siiu«osted to him that
ozone might prove to he a means <,( preserving milk. Han.n v„n
hndal enabled S. hneller to test his ideas, and the first S.hneiler
ozonizcr was built. .\ long and .ostiy series of experiments in the
sterilization of milk by o/one folio, ed, l)i,t the oul.ome was unsatis-
factory: and Tin«la!'s altenti.,.. • in^,- drawn by the reports of
iTohiuh and Ohlmidler to .he s .ili/alion of water, he turned
.Schncller's further elTorls in this direction.

In iK.)3, .Sehneller, assisted by X'an der .Sleen, eonslru.fed, at
the instance of Tindal, an apparatus for sterili/injj water in lar^jc
quantities at ()udsh,H,rn, Hollan.I. Dr. X'an K.menRem .-.Itended
the demonstr.-.tion on behalf of the Hel^ian (Jovernment. In his
report to the .Minister of .\Kricullure and Induslrv, Dr. \'an
Krmengem stales that five lit es of ozonized air, having a concen-
traticm of fificen milligrams per litre, completely destroyed 3,7 1;
million anthr.-.x bacilli contained in one litre of water. Complete
sterilization of water charged with germs of cholera and typhoid
resulted with smaller quantities of ozone. Indeed, the only bacilli
he found even partially resistant to this sU^rilizing agent were the
mnocuous species, B. Subtilis and \i. Ramosus, whi.h are capable
of withstanding immersion for several hours in water or steam at
boiling point. After introtlucing into fdtered water a great number
of spores of B. Ramosus, so that the bacterial count was 28,000
colonies per cubic centimeter, he found that after ozonization eleven
samples out of thirteen were sterile, two showing a single colony
of the bacillus introduced, and one of them contained one colony of
B. Subtilis. In other test.s with 32,000 colonies per c.c., seventeen
samples out of eighteen were found sterile after eight days of
incubation at 370 c. Experiments with B. Coli were equally
successful. Water charged with 7,830,000 of these bacteria per c.c.
was completely sterilized, and twelve samples all failed to reveal
the presence of a single micro-organism of this kind. After twenty-
four hours' incubation, four tubes showed a single colony of B
.Subtilis. The B. Coli, although introduced in such vast numlxr.s
as are ne\er found in nature, had been completely destroyed.

The chemical changes effected by ozonizatjon were equally
striking. They are as follows:

—
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An.ly,e. of Old Rhine W.t.r .t Oud.hoom B.lor. .„d AfUr
Treatment.

(."arts ptT 1,000,000.)

i^^tL ".T K^fjr: ,*"•'
Residue on .vapora.ion o^"' o'^rZ" ^ ^^^
Chlorine. ..

••0.222 0.220 0.2H4 0.294

Albuminoid ...mmonia";::::: o:2^,. oX,. r^*^
°°-»9

K.ce ammonia l^'' °'^'' ""'^^ °°«^'
Nitriies

°-"^'° °«^3 o.

Nitrates.
'.'.'. °"_^ °-

°-

„ 0.0006 O.OOOH O.OOIJ onnnIVrmanganate q „, , „^.,
°°''* ^o^'-*

s°":.-- r ? °"°'°° ""
Odor V .""*•

^
'^""^

•
y*^""^- ^'o tolor.

. I'amt. Faint. Faint F;intAppearance . . -i- 1 -j -^ . .

'""*•

,,.,
'"''^'d- Turbid. Turbid. Clear.

ihese rfsuits were made known in France -inH n. r» •

.rect.. of the Public Laboratory of T<Jci;
l it seni ,?/ri:e

in"."ll h

'""•"'"^'"' t„ oudshoorn to induce B™ L Tind^l o

Thlr ^;
"''^';-*""' *" '^' '•-P"'*!»i- "f "ygiene in Paris inVLr

1 here the qualitative results were the same as those obt-^ined .i

o! j-nown ...»,M„„ce i„ ,H. circui,, ,,„d ,hi.,
»

'^ .he'^:,!;^ „::i'

The process was carefully investieated hv Hrc d n. •

and Marnier, and the ^nJn..rj;:^^'^^JZ;.'^
couraged by the excellent biological results reooru-rf h »k
investigators, the Municipal Coup il of P.ri au^^^ ^^ J^^

A further trial of the Tindal-Schneller system wis mn^ •



tinuously and offiriently. The me<haniral defects inheient in the
system, as then developed, prevented him from reaping this rich
reward of his noteworthy services in sanitation, and he died com-
paratively poor, except in honor and fame.

Existing Systcns.

Out of Jlaron von Tindal's demonstrations grew three rival
systems of ozone setriii/ation. Dr. .\farn)ier developed that of
Marmier & Abraham, installed at Lille. Belgium, and also used in
a Marseilles brewery and at the mines of Bolera, Mexico. M. Marius
Otto founded the Cie. Fran^aise de I'Ozone, which is now under
contract to furnish the .ity of \i,e with 25,000 cubic meters of
ozonized water a day. He has also established in Paris and at
Niagara Falls factories for the producti.m of vanillin by means of
ozone. The third system growing out of Tindal's is that of
\osmaer, who had been in Tindal's employ, ,nul who built a small
ozonizing plant at .Schiedam, afterwards removed to Nieuwersluis,
and then to Rotterdam, where it now lies inoperative. The Dutch
company controlling the Vosmaer system sold its rights to the
L nited Water improvement Company, of Philadelphia.

Tindal's system was acquired by Count de Frise, who has
made a number of changes in its equipment and manner of
operation, and formed the Sanudor Company, of Paris, to exploit
It. This company owns the demonstration plant built by Tindal at
Saint Maur, near Paris. Schneller associated himself with Van
der Sleen, and built a plant rt Oinneken, Breda. Holland. During
*, '^vT.

^•^'^^"•'' * "»'«•<« continued their experiments under
»'r6nlich in Germany.

Tests with Deadly Germs.

All the water purification plants named have been subjected to
similar tests to those just reported of the Tindal process, and more
or le.ss voluminous reports have been issued. The most crucial
tests of all were those applied to the Siemens & Halske plants at
Martinikenfeld and Weisbaden under the separate direction of the
German Imperial Board of Health, of the Royal Institute for
Infectious Diseases, and of Xoch's Institute. These tests included
the dangerous experiment of adding to the water under treatment
enormous numbers of cholera, typhoid and other deadly germs.
The results, as summarized in the following tables by Dr. Eriwein
chief electro-chemist of Siemens & Halske, are from a paper read
by him before a technical society in Zurich, and reproduced in the
Scientific American" Supplement for May ;th, 1904:—
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Imperial Health Bureau.

(OhmQller-Prall.) Ordinary SpreeNumber of Bacteria per c.c. and aqued'uct

Date o • .•
^^'"' ^P^'"°' ^«*«^ infectedDate. Ozon«at.on. Bacteria. with cholera

,«,
Ordinary. Pathogenic. germs and

?^'3^° ^ o Cholera. boiled water
^'5^ 9 ° Typhus. infected with

typhus germs.
Royal Institution lor Infectious Diseases (Koch).

(Proskauer, Schuder.)
Before. After.

"' 3' 'o2 600.000 o Cholera.
^4. 3. 02 600,000 o Cholera. Water infected

'^»3i'o2 600,000 o Coli. ^^'th patho-
^5» 3. '02 600,000 o Typhus. genie bac-
^» 4. 02 600,000 o Typhus. **"a.

^^'3''°- ^.o«> o Dysentery.

Koch's Institute.

Number of Bacteria per c.c.

Before After Species of
,• Ozonization. Bacteria.

'^'7. 02 600,000 o Coli T„f^* J
16 7 '02 A infected water.

'7. 02 600,000 o Vibrios.
17,7, 02..... 600,000 o Vibrios.

DUute Sewage Treated.



The experiments were conducted with the water of the Schuyl-
kill River below the city at 30th and Locust Streets, West Phila-
delphia where the plant is in operation. At this point the river is
badly polluted, containing from 400,000 to 3,000,000 bacteria per
cubic centimeter. Such a water may be regarded as diluted
sewage. Before ozonization, this water was submitted to a rough
sand filtration merely to remove some of the suspended matter.

No

2.

3-

4-

5-

6.

I.

2.

3-

4-

5-

6.

Gallons
Source per Hour

Filtered 5,000
Ozonized 5,000

Ozonized 5,000

Ozonized . .... 5,000
Control

River

Filtered 5,000
Ozonized 5,000

Filtered 7,500
Ozonized 7,Soo
Control

Ozonixcd
Air

per Hour
Cu.fl

Oxone
per Cubic
Meter of

Air
Gram

Bacteria
per C.C.
after 48
Houn at
i9'-»o' C

.... .... 700,000
6,000 0.9 200
6,000 0.9 5
6,000 0.9 7

• • • • ....

• • • • .... 700,000
• • • • • • a • 240,000

5,200 I.O 17

250,000
5,200 1.0 34
.... ....

In view of the encouraging result in the last two experiments,
in which by ozonization polluted water containing over 2oo,oocJ
bacteria per c.c. was rendered practically sterile, it was suggested
to increase the rate of supply in order to find out the maximum
amount of water which could be purified with a definite concentra-
tion of ozone.

„ . OaUona
no; Source per Hour

' River

2. Filtered S.ooo

3. Ozonized 5,000

4- Filtered 7,000

5. Ozonized 7,ooo
6. Filtered 10,000

7- Ozonized 12,000

8. Ozonized 12,000

9. Control

Ozonized
Air

per Hour
Cu. ff.

Ozone
per Cable
Metarof
Air

Gram.

Bacteria
PjrC.C.
after 48
Houraat
I9*-«.'C.

• • • • .... 1,300,000
.... 700,000

5.200 1.0 460
. . . . »

• • • • 1,300,000

5.200 1.0 740
.... .... 1,200,000

S.200 1.0 1,500
5,200 1.0 2,100

• • • •



I.

2.

3-

4-

5-

6.

7-

8.

9-

lO.

II.

12.

I.

2.

3-

4-

5-

6.

/•

8.

„ Gallon*
Source p,, Honr

River

F"''tered lo.ooo
Ozonized .... lo.ooo
f'i'^ered ,o,ooo
Ozonized .... ,o,ooo
^''tered io,ooo
•^zo"'zed io,ooo
f'i'tered lo.ooo
Ozonized

. ... io,ooo
Fi'tered 10,000
Ozonized 10,000
Control

River

f''tered x0,000
Ozonized 10,000
filtered 10,000
Ozonized 10,000
Filtered 10,000
Ozonized 10,000
Control

Ozonixed
Air

per Hour
Cu.ft.

Ozone
per Cubic
Meter of

Gram

Bacteria
per C.C.
after 48
Hnur* at
i9*-ao° C.

• • • • 1,100,000

5.200 I.O
300,000

4.300
• • • • 600,000

5.200 1.0 3.500
• • •

5.200 1.0
200,000

no

5.200 1.0
400,000

50

5,200 X.O
450,000

35
.... ....

.... 1,200,000

5.000

....

1.0
300,000

120

5.000 1.0
500,000

55
*

5.000 r.o
500,000

38
• • ' ....



Selective Action of Ozone.

kinH!!f/K"^. '^-^"^l^ u'''"
P°'"'' '^^ ""* ^t«P ^«s to find out the

foletemSXf ;'"""'' ^'^'^ ozonization. or in other words!to determine the selective action of ozone in eliminating all nonispore producing bacteria. A thorough study of this subiect no

le^fIfThi'h'rt'"'; ^ '"°" '^'''^'^' P^-^ °^ -^^' - -^ard!less of a high bacterial content in a water, if the germs are of theharmless saprophitic type, such a water is ^f far better quaL thananother of low number of bacteria containing among them thepathogenic or disease producing germs.

rolnn^"^
*° ^\ "'"'*^'' ^'""^ ^'"' ^^^'^ researches, the siud- of the

thi numbeToTt'hi""
'°""'"^'- ""^ '°"''* ^'^"^ «"ft'--t reason

^lut"o? In th^l^r.''
'".^^^*«'- '« taken as ,n indication of

tWs ^bi Thlir ? f r"'"" *r '"""'' ^^"«"^« '« placed upon

esSv thi siJnlt\ f'^"'T
°^ ^''^ "°'°" ^--""P •" "ature, Jnd

n?^!i •
P^ ^"'^ imperfect routine technic frequently em-

alee of'" T" T'J"' '*' ^^"'^y- "°* ""'y diminishes Tempo^.
concerninilh?: h' h"' t? "'"°'* ^"^''•^'y "^^•«'^»'' ^he reseTchesconcerning the typhoid, cholera, pyocyaneus and some other oatho-

Slon baXs!'
'"'^''^"" °' ''' -^'" '- -- import:nt^i,a^n"?h:

In the study of the colon bacillus beside the biological features

o o^unt" "°i°"'r
°" "tmus-lactose-agar. fermentatio^n o gfucose'

n.wf / '"'*°'' coagulation of milk, reduction of nitrafes htonurites and non-coagulation of the gelatine, the morphologicalchar!acteristics were also considered, the cultures were TxamS under

m^^hTrsSTninr ^"'
"^'"^'' ^"' ^"^"^^"^^ ^'^ -^"^

It is not necessary to consider the details of the technin ^m

lo£l va::tion?wh-f-r'""
^™"P ^"^ ^•'^ biologi^afandXhtogical variations which it presents; all were thoroughly considered-^suffices only to say that, besides a sterile control of the wa^er tSemed.a used to culture of the colon and typhoid bacillus were sub!
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No.

I.

SoaiM

River . .....

Gallons
Ozonised

Air

ri^'r
Cu.ft.

Ozona
MrCuhie
Ifaterof

Gram,

Bacteria

after «8
Hours

No.o»
B.Coli

p«c.c.or
Water

2. f^iltered .... 8oo
• • • • • • a • 900,000 48,000

3-

4-

Ozonized . .

.

River
8oo

• a a •

6,300

• • a •

0,6
400,000

6,000

16,000

50

5- Filtered .... 8oo
• • • • 1,000,000

6ob,ooo

5.000

40,000

6.

7-

Ozonized . ..

River
8oo

• •mm

6,300

• • a •

0.6
19,000

52

8. Filtered . .. 8oo
• • • a • • a a 800,000 35>ooo

9-

lO.

Ozonized . .

.

River
8oo

• a a a

6,300

• a a a

0.6
I,Q0P,00(>

1,200
43.000

»5

II. Filtered . .. 8oo
• • a • 500,000

280,000

1,000

31.000

12.

13-

Ozonized . .

.

Control . ...

8oo 6,300

. • . .

0.6

• • • •

10,000

nnproyeLT'"^!!'
the previous ex'periments is noted a gradual

trn:;=^ ;. Lr^ro^TSttrs^fcTtre^^^^^^^
water and no culon bacillus in one c.c. iTThe^same wa er but Se

°*°"A Ba«eri«
—__, . P** c«blc par e.c

Ih. Saurc.
°^2?^°^'"^ ^t ..

Wo.ofB.CoU

* *" cc. ex. ec

1. River .....
- Filtered .. ^ :

^ ^ 3.000

In conclusion one more experiment v .s made, as follows :-
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No. Soorc*

1. River . .

.

2. Filtered .

3. Ozonized

4. Control .,

Gallon
per hour

800

800

OlOB*
_ . . P«r cable
Oiooued meurof
air per air

hr. eu. ft. gram

6,000 0.6

Bacteria
per c.e.

after 48
boon at
t9'-M' C.

3,000,000

I c.c,

10,000

No. of B. Coli
10 100 500 io«o
c.c. c.e. c.c. c.c.

40,000 MOO
5 • • • • 0000

Here, as before, a most favorable result was obtained, proving

Sutrwatlr'
^''^^^"^""^ °' °-- •" '^^ purification 'of badl?

frnmT!!^
^^^^''^'''^ *''*'°" °^ °^°"^ '" eliminating the colon group

Xh h«i T.*.^ "'''^'"^^ .*'**' '^^ 'yP'^^'d «"d 'Cholera bacillusWhich have about the same resistance and vitality.

« ^^J'^^'^m" "1 **'*' ^^""^ experiments, such a water may be re-garded as diluted sewage. As far as the literature upon the subject
IS concerned, no one has ever attempted to ozonize such a foul water.

ClMinical Changes Effected.

Though special attention was paid to the bacteriological ex-
amination, the chemical ana:yses were not entirely neglected. The
results of some analyses made are as follows •—

Parts Per Million.

Filtered
water.

Total organic and ammonium (Kieldahl
method)

Nitrogen as

—

Nitrites

Nitrates V.
'.'.". '.*,'.*.". '."

Permanganate consumed
1o 86

Oxygen consumed 2*7,
Oxygen dissolved 6 80
Chlorine ^'

Carbonic acid .'.'.'.'.'.'*
fi'

Hardness
" "

-'

Alkalinity
^'°°

. ' l^.oo
Iron, comparative test

2,15

0,08

0,76

equal.

Oxonized
water.

1.76

0,00

0,96

7,"

10,80

6,00

6,00

96,00

35.00

As shown by this result, there is a marked reduction in theorganic matter. The marked increase in the "dissolved oxygen" is

nnih '^^^' '" *''^^^"* ***** *''« '"°'-S^"'^ constituents remainunchanged by ozonization.

(Signed) D. Rivas. M.D.
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The water of the Schuylkill River at the point at which the

mm:::rT r'' ^t'-^
-"^^^ '-^^^ -^^-'^ -"-than

^It ifZ f'^^'^^'
«' /o-e sewage works. The entiresewage of the northern part of the city of Philadelphia is dis-charged mto the Schuylkill between an intercepting dam a,^^ th^point from which water was taken for the above tfsts VV.thin afew hundred feet of this point the stock yards and slaughter housesof the cty are located, and large quantities of fresh orLnlc matterare discharged from them into the stream, so that its wirareoften t.nged with red. Nearby are several acres of stabTe manure

S; Tn^rs ^gr,:orfhV°^ rr""^°" ^^-^ ^'^ ^
into the stream.Thrriratth!: pCtfimTl/Tn^^iVLTand accumulations of organic waste pass slowJ^'on eaT t de toand fro near the ozoni^ing plant. From the results shown by the

effluentr r^
Practicable, even in the final purification ofeffluents from sewage works before they are discharged intonatural water courses. But for the -present the purification ofmumapal water supplies is too urgently demanded to ^rmk ofexperiments along this line.

^

How Ozone Acts.

The reason of the high bactericidal power possessed by ozone

how trtlh
"""'" ?'™^^' ^"^'^^'^ °^ **- ^- «f bacSshow that they are made ur f 84 per cent, of water and about 16

oJon. J '""^ ^'^"'*^ °' "''y^^" f^"- ^«^bon is well known.

Srj ^'"^ \^°"«"t^«ted form of oxygen, has an even greater

oxvten and th TT^ "' *'' ^'"^" "' '^^ ^^^ ^-b'"- -'^hoxygen, and the bacillus is consumed as completely as if it had

bustion. Just as though burnt up. nothing remains of the bodiesof bacter^ but carbonic acid gas, which rises to the surface of thewater and passes off into the air.

in th! wi.?' Tk"'.
'""'!: °' '^^ ^•^^"'^^'^ o^g«"ic "tatter contained

ThI
'

; ? '"T''^'"
P'°^""*^ °f «"™«J «"d ve^«table decay.

InTt tv '?? °"'^''"^- Discolored water is made brightand sparkling, and the putrescence resulting from decaying organicmatter is removed, with its causes.
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On the other hand, nothing of a deleterious nature is added

chemicals h..e no place in ozonization. Ozone-purif5ed water iss.n,p.y H.O with a little more free oxygen than'is usuallytundin natural waters.

A Purely Mechanical Process.

fron,?h
'^^ ^°''"8:olng advantages should be added that arising_rom he purely mechanical character of the process of ozonizationrhe el.mmat.on of d.sease germs from a city's water supply is not

laborer! It"'"
'''

""T-
'"' ^"^"''°" °^ ^^^^ of''unskil"ed

m^nv acre ;%7 .^°"^"'°"^d upon the thoroughness with whichmany acres of filter.ng area, are cleaned. It is not affected by theaccuracy w.th which an Italian or Slav workman may removVanjnch or two of a mud deposit. None of the element's of humanhab.l.ty to err are involved in ozonization. A skilted mechanicrnoves a sw.tch turns a few valves, watches the meters for a fewmon^ents and then the entire system runs automatically day andn.ght w.th no further attention than the oiling of the bearings andthe clean.ng of the machinery. If need be. the doors of the buildingmay be closed and the machinery left to run itself. So far
"!

mechamcal perfection applied to hygienic ends can be reached, it
IS .n the supplement.ng of filtration by ozone purification.

Dr. Leffman's Experiments.

The Philadelphia plant was also investigated by the well-

I have made some tests of the process of purification of water

sLT^nThiHr TH
'' ^'^P'^"' operating'at 30th and lITsMreets. .n th.s c.ty. The samples were taken from the plant by meand the exam.nat.ons were made under conditions that made su^e

the results. In an .nqu.ry of th.s character, the only important points

agree^Sg closdy
t"'' ""'^ ""^ ^^ '°"°-^' ^"P''^*^ -"P'-

Unfiltered water, 10,000 organisms per cubic centimeter,
filtered water, 10,000 " " <« •<

Ozonized water, 2 " •• <i ,,

fh«
^^ ^ul\f

'^^*^'" '^ ''^'^ '"^^"* ^^^ ^•«t«'- after it passes throughthe rough filters operated in connection with the plant The figuS
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show that, as is well-known, such filtration merely clarifies the water

it stei'le'^Th
" "'^.^"-^-^^"^Pended matter, but does not rende

« sterile. The ozonization, it will be seen, kills all but a very in-significant number of bacteria.
ui a very in-

A great advantage of this method is that it does not introduceany metallic substance into the water, nor does it affect the geZ^^^^

cesTTntoTr"'"".°K/''
'^''' ""' *^^°'°^- '^''^ ^^-^'^'^ -•"- P'-cess, introduces a notable amount of chemicals into the water andthe^copper sulphate method lately proposed is still more objection.

untrildU^hnH"*""".."!^ "T" '° '^" Purification of water is not an

vea s tr •

^""^ ^'^" well-known to chemists for many>ears that ozone is an active agent in the destruction of organic

actiNe form of the common oxygen of the air, the supply of it is un-limited the only difficulty being the cost of pr;duction ^
Ihe operation, as I have seen, seems to be simple and efficient

I see no reason to doubt that it can be carried out on a moderate «;on a large scale with equal certainty. It is capable of instaSn Zunits of convenient size, which by the addition of further units can

.
^"Pepision will be required, but this is true of all large installationsand .s especially true of slow sand filtration. The ozLe process hahe adx-antage over sand filtration systems, of requiring but littleland and of being capable of establishment at almost\ny p^olm wh le

Sle Seo?
*'"'' 5'^^^^' "'^^" '^"-^^ ^-- «^ lanVare obTain!able Moreover sand filtration is made more difficult by the lonewinter season in this part of the world. The ozone process is easilyoperated so as to be independent of temperature.

^

(Signed) Henry Leffman.

Prof. Soper's Re^ >i.

The evidence thus presented, that ozonization is an efficientmeans of stenhzing mnnLIpal water supplies, could be voluminously
supplemented by nunerous other reports made bv scientists and
offica investigators in Europe and America; but there is no needto reiterate facts so frequently stated. Prof. Soper, of Columbia
Ln.versity, ^ew York, however, occupies such an authoritative
position m America that a resume of the results of his investigationsmay fitly be quoted :— S'*ii"ns

"A conclusion of the facts here presented," he says, "leadsto the conclusion that drinking water can be sterilized, and that-
unpleasant colors and odors arising from organic impurities canbe removed by ozone. It remains to be shown what class of waters



s
.-.re bes. suitrf ,„ ,hc ,rea.ment and .he conditions under whi.ho»n«a.,„n may be successfully carried on The ac,i^„ r

.:^:rs: Viri::-c£iiLr;tt^-- -^^^^

nr.r..io„ and sedi^entatn. Tns^'^ue:;' f'ZsZ':^:
°'

;::,r"trr- '^"°"= »'- .-rair;,r:L7ro:' o^^^cpamties. .Such, for example, are clear, colored or foul-smellin^

fiUer? The'^r"' "'T ^"' ''' ^"'-"'^ "^ improp ly al^^
d ta and r? ""'' '°'' ^'^"^""^ treatmentV water Ir!dst.nct, and .ts functions are as clearly defined as are those ofh trafon and sedimentation. Ozonization aims to eliminate bacterb

orig n. From a consideration of all obtainable data I am led toth!

;r::Tdl clnt th?"'
%^'''^- ''- '""->°"o^ o^nilltlopuis at a discount the possible ignorance and carclessncs, of filter

oTcTeSricT™,",?;
.he. responsibility for pure water in ;: h

"
m,t. r «"gmemen, who.se familiarity ,»i,h machinerv

pT.^ s Tir*"""','"
"'"'''' ""' "'--""™' ""^ir; epiocess. Ihere is no clean ne of aooaratnQ In .»,» ^-

no stopping, and little regulafing toTdone The n"^'""'',^^^*;

rr :si;.-— :r5rsS!:;nn
•„';'xii«> any other in preparing water for ozonization. Jf spedaltnoortance is the completeness with wh;,-h j

special import-

odors in water WhTn filJ ^
''''""^ ''^'^''^y" unpleasant

or.iret:.-=Vtrf:-:~^^^^^^
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Disease Germs KiUcd First.

ConrerninB the character of the bacteria affected by ozoni/a-
.on Dr. Wood-Smuh. of London, employed a. expert chemist by
the Gmernment of Great Britain, in a cooimunication to the writer.

•'In considering the contamination of water by disease eermsone has only to deal with the bacteria, among which class oforganisms are particularly the bacilli of typhoid fever and thev.bnois of Asiatic cholera. Of other disease germs few are met withhab.tually .n water, although, of course, they might o<-cur acci-
dentally

;
but m the case of typhoid fever and .Asiatic cholera the

disease virus ,s more often than not connected practically with the

XT/r^^.L'"'' '•,.'" ^'*' '^^^-'""^ *° '""''^ bacteria rather than
others that the stenhzafon of water should be principally aimed.

"These bacteria are of the non-spore-bearing varietv, their
muIt.pl,cat.on bemg caused by fission or direct division. This point
js important from the water sterilizing point of view, as spore-beanng bacteria, of which anthrax can be taken as a tvpicalexample, are much less readily actfed upon by sterilizing agenthan their non-sporing brethren. This is because the sporL. whichform within the bacterial cell, on obtaining freedom, are possessedof an enhanced vitality, and are thus able much more readily to
resist the action of antiseptics.

^

sDorin!\.'7'"'"r'u'"'^'''''
^°"' *° '^""^ '»^«*' whereas non-

minute ttuTu "
*"'''"'' ''''" ''^ ''' «*«""-^ •" ''-'f -

s erSLt f fi'""'
concentration, anthrax spores are onlysterilized in from five to ten minutes. But in dealing with waterapplies one does not expect to find anthrax at all; and. thereto e

sLlT JT^'V""'' '' '°'- '""^ P-P°- °f avdding p elsumable outbreak or disease, one is justiBed in arranging for theexpulsion of the types of bacteria which are likely to occur Thesten,.,ation could at a greater cost be applied to the spore-bearing
bacteria ..s well but in view of the high improbability of a dan!gerous contamination from the spore-bearing varieties it issuftcient to confine ourselves to the extermination of tre 'typho dand cholera types.

lypnoic

fn u"^^^'%^'^ '^'f'''
"^^^^ '" ^^'""^ °^°"'=^^d air may be appliedo bacteria destructu

. in water, the only conditions necessary for

andTat Th? 't' T"^ ^ ""''''"' '" ^"'^^'-^ concentration

th. JJr V ,rxt- ' ''.'°"^''* ''^"y intimately into contact withthe water itself. This point is particularly important, because ozone



Oionization in the Tropics.

t!nn l''"'V^^
-American occupation of the Philippines more nttcntion has been given than heretofore to the subiert of hvorM^Hes in the tropics; and studies ^l^l^]:^''^:^

Chemical Composition Improved.

alreadvU^r ° H f
°'°"' °" ^''^ '^'""''^^ composition of water
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which i, bright and prolonged in proportion to the decree of

ItreL 7fi u "^
°' ""' "**^°"*'"' «"^ '»'« ^«'<r -fall, in arz Sf X;sr.r«g;;r-s;"r ::^rri:?-ammalcul. (he obtained these result, with strained ea-wat ""hephosphorescence of the ocean is due to the action of ozone "

Xfterexper.ment.ng with various aqueous solutions rich in orgaiLmatter and getting similar effects, he concludes: "The LTnoXproduced .s caused simply by the energetic oxidation o^^erTa norgan.c substances contained in the water. Eve,v with very co^centrated ozone, pure water gives rise to no phosphore^ence -
Sulphuretted hydrogen, so offensive to the smell and oftennjunous to the organism imbibing it. is converted by ozone mo

in F^^SrTh'"""'"''"^'^-
'" ''' '°"^'*'" S*«'«. and eTpIcialy

1h w L r
^"' '"^''*'' ""^"y ^^^^^ undrinkable. They can b^rendered odorless and free from taste by means of ozoneAmmon.a derived from the decpmposition of organic matter« transfor,.ed .nto more stable compounds, as nitrlteT andnurates. under the action of ozone, which also r '.ce he r.tlobetween free and albuminoid ammonia contained ^ water

M.neral substances, such as the chlorides and sulphates aregenerally unaffected by ozone, although carbonate of lime is some-times precpltated from the earthy alkaline-sulphates

Bel^.^.r?'-'^
commission, appointed by the municipality of Lille.

t^wr; 'ZT^'^^'^u'"''''
''"''^*' ^^P°^*^ *"«* "ozoniza'tion addto water no fore.gn substance injurious to those who use it. Onthe contrary, by reason of the great diminution of organic matterthe ..ters treated are less subject to subsequent polludon' a"d areconsequently less liable to deterioration. Further ozone bein^noth.ng but a special n^olecular state of oxygen t's use L^headvantage of energetically crating the water.'and render ng it more

Toxines Eliminated.

The toxines, toxalbumines and ptomanes, which have a

eZ:: T'"k r' '°""' •^^ Messrs.' Roux. Vaillard and VanErmengem to be destroyed by ozone. One of them made a pre"

t. k.ll a mouse. Subjected to the action of ozone, this toxinebecame completely innocuous."
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OioM RaaovM Color iind Odor.

and L^^wrrTl^r"* °^""'*^ "" «»'-«-«»>''• «-•«. colorana oaor. Waters containing chemical residues, salt, and oxirf..

Piaatfl in Operation.

suffered from an epidemic of disease almost annually."
^

in M. Petersburg a plant capable of treating 2 coo Pallnn« .nnouns in operation. In A«»r » •
"""K/'Soo gallons an

washed in ozonizt:d water
>ess^is are

Recent Advances in tlie Art.

recenT'LTrlTr P""«^V'°" "'^'^ '^^" ^^^"^'^ ^^^uced in

years efforts were made, and large sums of money "«? to IZaway from d electrics Ae th» o^*
'"oney spent, to get
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it was tctlarlVjT'"-' ".' •'" '" "^"^^ ^"^P^'"*" "-^^'-«'.

y uy reirigeration
, and this involved the use of -i rn«!Hv

a\^v wilh Th "^T'
•" "* °'""'""' i'«l'- This ha., been done

ozonized air by pressure, into contact with the water under treat

tne use of an unrehable and energy-devouring machine This too

W 'rer"";-'"
'" "" "--«-""'«' »y"- " favor^'Ltrg

oz:nrrdedVi,:7uriSr„;"'°-
"-^ '"'» " ™'- •^=

Ozone Tests by New York City,

What the elimination of these two machines means to the

iTctlroZZ '"""^^tv"
"^^^ "^^ '"^^^^^^ ^-- the ":, owingextract from the report of Mr. I. M. d^ Verona, M. Am Soc C Erhief engmeer of the Department of Water Supply o7 th^d^y o/New York, on a series of tests made by the offidals of that c^ o

.sed:'^rr::;;:.t::^rj:f;j^r::;-;^^^^
one.quarter by the transformer and ozonizeraXn half bfThe

aCto^-^s'^rrn Trtc^'^'^ri^h'^ ''^ "-;^
ture of Th«i,f e,^ tr \xt l .

'.wo.cxx) gals., with an expendi-

^e coU,LrS7e't;:rit„t':b"e^pr sf ^T^illg r^

Mr. de Verona adds ti^at the plant did not run a single davwithout stopping: but he does not mention the fact ttt thestoppages in every case were due to defective working dher „fhe refrigerator or of the air-compressor. The ozonizef, a hough

vorked'^thT
?'*''

''''t
^°P''^'- ^'^''"^'^ '"•''^-^ °f ^'-i"-

nnd nn
°"' ""''^P' ^"^ ''^ •'• P'-eventible short-circuitand an extra unit was instantly switched in.
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The computation of electricity-cost at z^ cents per kw hour

the rule .s to use one gram per cubic meter of water-264 gallonsTh s necessitates 3,785 grams of ozone per million gallonf The

nZti A Tr °'^ demonstration, and show how widely theseofficials departed from accepted rules in their tests:-

Bacteria. Grams of Ozone
per Million Gallons.

2.590

2.645

2.420

2,340

2,620

2,680

2,470

th.. ^^u'"
°^ ""'^"•°"'' '^^'^ "lade elsewhere justify the inference

e d:: ro'::r;';d""th'""K°'
'^"^-^ " ^'^^ -^^ -'- -"'<^ •^-e

infini. ? ^^ ''^" P''^"^"*; f"*- bacteria form such an

Cost of Ozonjzation.

Bearmg on the imporeane question of ctectricitv cost thefollowmg extract from a rep„„ by M, Lemuel W. SerrellM F

t ^notel?-'
°" '"^ '""™"°" "' '^^ """'^'P"- plan. ma"fi«;

rnd™;r .t^Sof^t-hV^a:::^ t^;i;rof"S ?,^"'' ^'

z;rn:t?^rc%r';;Tv i~""T"r
•^"
-"

Jr.. th.n ..,:„
P^' *^-^^- ''°"'-' «"d '"-large .mi

Before. After
220 40
110 22
160

17
120

»5
140 16
140 9
210

35
200

9

less than this
Its It will be

>--
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a motive power. Very cSe ll T"^'^ \"^'""^ "^'"^ °" «-
made in th^use of .rZ^'':^^:^.:^^ '''' '''^''^ '^^^

man TyJXTlt-' war" ^^'r'
^ -'''^ition known as the "Ger-

'ivered 588,500 K.W^ours iJthT "*'„^"""8^ ^^ich time it de-

produce pra4=Uly the sane S„l"°
"*'<"<»". ""ich clai„ ,„

co„„«r„''trgasT„X;3r'r''""f "r""' *=»' •"""•= >»

per K.W. hour,S (ueUrj. , J 7°"'" "" '"=' "»»"">P'ion
at the swilch-biard ^^ "^ '°"' °°' '° '"" •» »' a cent

the ,,I™r' he'^ZlZr '"^ '•" '""'' °' '"" ""« - "»•«

.»„ llrbXSng .'he"atvelf7 ""' '""'"' ""' --"-
before you a poSf fclH f . ° >'?"'' "'""'io". as they put

s™nj.eru„^rt'':^r.a'^^n"«r"p.frrh''""""''r

^r?:s''crtrth*r'''°"r"-^^^^^^^

economy are made use of
^ ^"°"'" ™""°<'« "'

clectHdra''o;e''";,";. JJ"°"'k "f"' """ ^""-"'"^

charged 'by him :o:le'^.j^«";'''';K%'S'
""'» ^="°-

to $. per ™im„„. A further-^Xti^n ^f'To per °: ,^:t"'
Veron? tZ th"'

""°" "' "" '^' »-'"' ™kno™ to m! 1°

.";:^;st:;t;Ts;er„,^-^'^;;f,°^^^^^^^
m yield of ozone caused bv th^ Aia

difference

s..n a„,„, . ,,,„, -t, r^;^;cerrc^i,jd" frbrthetrs•n these tests two .,ep.up transformers we™ run i^ series with

Csi^:7b"°;t"'\°"- "' -expected,"; h'i^hT^r,necessitated by the low frequertcy of the current tjT:. i,
•

:^car-p— - r.Lt-rs- f^r.»£

r/^^.:fSB^"«i
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scale than in New York and alTl ,«^^"«' .
P-'act.ce on a larger

justified during long time-tests utl 'f
'"'. "''' '^^^ *^^"

on bacterial efficiency Trml'^ ' «''«'"?'«. i^ one bearing

that .ay be fal^rc^ntrrt d^:^r^^^^^^
-P-^'--

was conducted by Dr. Dugh^e of NW V ^ -^ ! u
^''P^"^"^^' ^'

of an independe^it e.ectrritr;^^alnn\rfi'^^^^^^^^^^^^^

vtra-r^s^^ofVe^ ": T^-
^° - - accr^; t/d

and air- .mprTssor t t^ll'be T"' "^ refrigerating „,achine

would be burrc;:^::',';,::,: ^7 '-^^ ^-t the ozone-cost

electricity at one cent per k'w H fs is air

^
' '^'"P"''"^

^•"
W,,.r

gall, per br.

^^- ^4, 1905 3,,2oo
?^^- '4. 1905 30,000
^^^- '4. 1905 30,300

S^- '5, 1905 30,900
^^*^- '5, 1905 3,,3oo
^^•^- '5, 1905 30,000

P«^- ^8' '905 29,900
Dec. ,8, 1905.. 31,000
^^^- '«• '905 28,500
Dec. ,9, 1905 3^000
Dec. 19, 1905 29,000
Dec. 19, ,905 27,000
Dec. 19, ,905 28,000
Dec. ,9, ,905 30,000
Dec. 20, 1905 2g,ooo
Dec. 20, 1905 28,400
Dec. 20, 1905 28,^00
Dec. 20, 1905 28,000
pec. 21, 1905 29,000
Dec. 21, 1905 28,000
Dec. 21, 1905 27,000
Dec. 21, 1905 26,000

P.I- *"='*"., ElectricalBWor« After Expendiiore

1.500

2,000

2,600

2,100

1,000

1,300

• 5»6oo

1,000

1,200

750

550

9.900

6,000

3.700

2.900

4,100

7,100

5.900

8,600

8,700

16,400

2,700

2

2

4

. 2

2

5

4

5

I

2

4

19

3

4
I

2

5

5

'3

II

15

6

6.1

6.0

6.0

•>

5

5

5

5

5'

5'

5-

5-

5-

5-

5-5

5-6

5-6

5-8

S-5

5-5

5.8

S-5

•3

•9

.8

.6

.6

•5

•5

6

6

5

5

R D«r
nil gall
K U.H.

196

200

198

178

188

193

172

Iff

193

'83

193

208

197

'83

190

197

197

207

190

197

212

"-fh^^
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but the trick to «» it"' Ch„„ , . , r'™'""°"
'»• y»". had we

no errect o„ the Tst of sanS.t*'*' °" "" '"^" "»"<' >-

ptop^IiS^^tThrpt'er 'ttV' l.'"'""
°^.'-' ^"""'"^ "-

authorities of two larMAmLi • " ~"'i*"tio„ by the

are offeted that ^rfp^^S^ p, S ^t*' --"-

operated for a.Tea rl-hl "".h",?"
°' """" "0'"="^' '•"'

case the saving amoumfin7 ' , "c, ,
^"""" ""*"'=>' '" °"=

in the other ,„ aeaT a I'tZ T " "'"''°" ">'""•' "-"
^avi„. i„ operatia, /.^ai:

^
", "pVi^:: Lt^lM/""-'

>

Cost of Filtration.

cost S7nirrl'^"tre7J:.trvrr'^^ «'^"^-"' ^^^ ^'^e

space occupied is enormous 7J n ^"^^'^'' ^^^^ '^^ g'-°""d
filtration requiring oZZlo^'^unTr ''""''''' '""^ ^'^^^^^
treated in .4 hour! Such filtratfon oLntr

"""' ''^^°'°^ ^^"°"«
weather is experienced tnnr!? ^ ^ ""^^'""'^ ^^'^^ where cold

following staSs cs will IZlT "" '°°
-T^ ^°™^*'°" °f '-« The

such plants:-!
^"' ^°" '"'"^ '^^« "f the cost of building

Berhn
f^ . _,

Zurich ^"''^'^^ fi't^'- $ro,ooo per acre.

Zurich ..
pP^" $42,000 " "

Ashland, Wisconsin
.

..
.'.' f^^.ooo " "

Poughkeepsie, New York ."..Open " f°'°°° .'.' "
Berwyn, Pennsylvania, without

^^2,000 " "

''"' ^--d " $45,600 .. ..

Concrete covers usually add about $,3,000 per acre



fitrured ft $7 to 4"pefSonTwrn" T^"''-^:
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operated under ordinary conditions, and with such workmen as are
usually employed by cities, has, without exception, failed to reach

.
the standard set by the Massachusetts State Board of Health.

But even at Lawrence, the Mecca of American filtration
devotees, the system has proved far from perfect. The first filter,
completed in 1893, was an open one of the usual English type, and
was "covered almost continually through the cold New England
winter with from six inches to three feet of ice," so that "it became
necessary to remove the cumbersome ice from the be^s almost
contmuously." "The reduced volume which it was possible to filter,
owmg to the small water space between the ice and the sand,
reduced correspondingly the reservoir surplus, and the few days
lost m the process of scraping meant much to the available store
of filtered water." Plans were, therefore, made, at some expense,
for an additional filter; but these were laid aside during a prolonged
elTort to find another source of supply, and $5,800 was spent in
driving wells, which were found inadequate. Efforts were then
made to obtain a supply from some convenient lake or pond, and
these failing, the State Board of Health 'directed the city to proceed
with the construction of the filter already planned. Again, the
citizens, apparently not altogether satisfied with filtration, had
recourse to various pretexts for delay, until the Committee on Water
Supply of the Ugislature "ordered the new work begun within one
week," under penalties. The city thereupon began to build the new
filter, this time covered, and in December, 1907, it was put in
operation. On January 3, 1908, the State Board wrote:—

"Daily examinations of the water filtered by the new Lawrence
filter during the past month indicate that although the numbers of
bacteria are not yet reduced to the same extent as in the water
filtered by the old city filter, the reduction is such that in the opinion
of the State Board of Health the water now filtered may be used for
domestic purposes if the rate of filtration is not allowed to exceed one
million gallons in twenty-four hours."

Notwithstanding this, "the free and full use of the filter had
not been permitted" in the following April; and in that month the
present writer, while visiting Lawrence, was informed that B. Coli
were found in the effluent of the filter when operating at even this
low rate.

The new filter is three-quarters of an acre in size, and its actual
cost was $54,331.48. By the adoption of improved sand-washing
arrangements "a reduction of cost of washing from the $5.50 to $8
per million gallons per year in the old filter to $2.50 in the new is



expected." (Quotations from Mr. J. Rodney Ball in Municipal
Engineering, April, 1908.)

The Lawrence filters take their water from the Merrimae
River, which is moderately turbid during most of the time. The
turbidity results in an excellent Schmutz-decke (mud-cover) forming
on the surface of the sand ; and because the filters are fairly efficient
under these conditions, the State Board ot Health reasons that sand
filtration ought to be adopted by the city of Lynn, where the water
IS clear and but slightly polluted, but offensive in taste and odor in
summer through algae. In scholastic Boston this is what would be
termed an interesting example of a non sequitur. In Lynn, where
the practical effect will be a needless expenditure of a quarter of
a million dollars, it is characterized as sheer foolishness ! As, under
conditions almost identical, the new sand filter at Springfield failed
last year—an unusually favorable one—to remove vegetable tastes
and odors from the water, and costly changes and additions have
been found necessary, Lynn is probablv right. Lynn believes
ozonization will give better results at one-third the cost, and is
resisting an effort to force the adoption of sand filtration.

Coagulation to Aid Washington's Filters.

Of the newly finished sand filters at Washington, D.C., on
which $3,000,000 have been expended, if is reported by Mr
Theodore Horton (Engineering News, 56, 484-8) "that, although
the coh bacilli are found in the effluent, the percentage of removal
IS m about the same proportion as the removal of the total number
of bacteria, and that the colon bacillus is found in the filtered water
of other cities, as, for instance, Lawrence, Mass." Dr. Woodward,
Health Officer of the District, discussing this condition before the
American Society of Civil Engineers, "believed that slow s?nd
filtration alone was capable of giving satisfactory results as regards
removal of bacteria and turbidity." Notwithstanding such "satis-
factory results," it is stated (Engineering News, February 27,
1908), that "all the engineers who have had to do with both pre^
hminary investigations and the construction and operation of the
Washington filters have recommended coagulation for use at times
of high turbidity." Anyone who has taken a bath in the coffee-like
liquid often served in Washington since the installation of the new
filters, will join in the recommendation. It may be added that every
official connected with the wat ' 'supph also been trvinc to
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discover why typhoid fever continues so alarmingly prevalent in
Washington since the filters were established.

Sedimentation, Coagulation and Filtration for New York.

Coagulation as an adjunct to slow sand-filtraiton, as proposed
for Washington, D.C., is an innovation in the art of water purifi-
cation; but this itself is to be supplemented by prolonged sedi-
mentation in the case of New York, if the plans of Mr. de Verona
are carried out. Nothing could be more eloquent than these facts
of the inadequacy of sand filtration to meet the demands of modern
sanitation. A generation ago, before bacteriology had become a
science, there was some justification for the trust which was gen-
erally reposed in this ancient method of water purification

; but now
Its most ardent advocates are among the first to acknowledge its
msuthcency. In Knginecring News for November 21, ,907, Mr
de V erona s plans, approved by Messrs. Rudolf Hering and GeoW. I-uller, are set forth. These include, during eight months of
the average year, the addition of sulphate of alumina to the water
in the proportion of one grain to the gallon at a cost of $1 -o per
million; the use of a sedimentation basin "holding at least 17 hours-
flow

;
and hnally, sand-filtration at a 10,000,000 gallon rate. The

cost of construction is estimated at $8,500,000, and of maintenance
at *2.5o per 1,000,000 gallons. Concerning these figures it may be
briefly said that there is nowhere in the world a going plant of any
comparable capacity that has been built for twice this estimated
cost; nor any plant, large or small, involving coagulation, sedi-
mentation and filtration, thit is operated for even double the figures
here stated.

As to Mechanical Filters.

In addition to the high cost, the intelligence and scientific
knowledge required to operate a mechanical filter with even
moderate effidency are well exemplified by the experiences ofMr. C. H. Cobb, superintendent of the Kankakee (Illinois) Water-
works, as told at a meeting of the Illinois Society of Engineers at
Champaign, 111., January 15, 1908, and summarized in Engineering
News for January 30, 1908. Mr. Cobb relates that he "commenced
dumping in the alum, and used about 3,000 pounds in one day
without clearing the water properly." The water treated amounted
to I,soo,ooo gallons; so that, at one cent a pound, this was about
$20 per million gallons for alum alone. Then he made a deter-
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chemist. Last year the community suffered an epidemic of typhoid
fever; and even with ten grains of alum per gallon, the filtrate
contains B, Coli.

Tilt Limitations of Sand Filtration.

The insufficiency of stow sand filtration alone as a means of
giving a city pure and wholesome water with regularity and cer-
tainty is eloquently shown in the published reports of the Phila-
delphia Bureau of Filtration for 1904. While engaged in spending
some $25,000,000 to $30,000,000 on additional sand filters, the
city of Philadelphia has been operating three series of filters at
Lower Roxborough, Upper Roxborough, and Belmont, and making
weekly tests of their bacterial efficiency. Operated under the direct
supervision of Mr. John W. Hill, one of the foremost hydraulic
engmeers in the country, an authority on sand filtration subjects
and author of several standard works on water purification, it is
to be presumed that these filters have been worked at their maximum
efficiency. During the year 1904 Mr. Will had the confidence of
the city administration, and was in no way handicapped in his
work. He had a well-equipped laboratory and a staff of scientists
to aid him

;
and the fearful typhoid conditions of the city, whfch

had become chronic and a scandal to the whole State of Pennsyl-
vania, permitted and justified the greatest liberality in expenditures
on these filtration plants. As chief engineer of the works designed
to treat the whole of Philadelphia's enormous water consumption,
Mr. Hill had every incentive to operate the system of filtration
plants at their highest efficiency in order to justify the expenditure
oi $25,000,000 to $30,000,000 on the new filtration system. It is
certain, therefore, that the highest possible showing has been made
in his official report of the operations of the Roxborough and
Belmont filters.

Poor Woric of PliJladelphia Filters.

In estimating the efficiency of a system of water purification
it is futile to take an isolated "best result" as indicative of its
degree of safety to the water consumer. This, however, seems to
be the usual course

; and claims are broadly made by the advocates
of sand filtration that a bacterial removal of 99 per cent, and
upwards may be achieved by this process. As a chain is no stronger
than its weakest link, a system of water purification is no more
efficient than its minimum bacterial showing. This, in the Phila-
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Lower Roxborongh.

Week ending January 30th, 1904.

Pj,.
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*•
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""•
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- 3*000

4:::::::::::; 580

5 . .

1.500

Average after double filtration, i.goo.
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Upper RoxboroMgh.

Week ending January 30th, 1904.

p. Bacteria in
'*•"*'•

Filtered Water.

' a,4oo
'

410

4::::::;;::::
58

^ >50

i 3.800
^

860

1
180

^
\ 1,800
Average of filters after sedimentation, i.aoo.

The cost of operating the above filters is stated to be as
follows :

—

Lower Roxborough.

In R \

No. of Filters. Gallons per Day. Cost perMillion.
5 8,432,000 $4.56

Upper Roxborough.

No. of Filters. Gallons per Day. Cost per'Million.
* 9.530.000 $5.32

The interest and depreciation charges on Philadelphia's filter
plants have been authoritatively stated to be $7.50 per million
gallons. To achieve the foregoing results, therefore, the city is
paying $.2.82 per million gallons filtered at Upper Roxborough,
and $12.06 at Lower Roxborough.

B. Colj Communis in Filtered Water.

If bacterial reduction marks the efficiency of a water purifi-
cation process, ozonization may be said to stand to sand filtration
as 19 to 3,800, the highest figures shown by the two methods of
water treatment in the same town. But such a comparison, enor-
mously favorable to ozonization, would still do it an injustice; for,
unlike sand filtration, oJtone is selective in its action, and destroys

'•Eiit^tfr^:,
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What Hygienists Say of Filtration.

That sand filtration is unable to meet the requirements of
modern sanitation is abundantly shown by the following testimony
of hygienists and water engineers in Europe and America:

DR. M. THOINOT,—Professor, Paris Medical College.
After having made a study of several epidemics of typhoid fever
occasioned by the use of water taken from chalk formations, Dr.
Thoinot contributes an article on "springs in the chalk formation
and typhoid fever" to La Presse Medicale, February 14th, 1900, p.
81, in which he says:

—

"We do not know at present a single system of filter capable of
gi ing on a large scale excellent results permanently, and when I am
ti <d that by filtration on a large scale the number of bacteria
p.< sent in the river water has been reduced by 80 or 90 per cent.,
this brilliant result means to me that of the 100 pathogenic germs,
100 Elberth typhoid bacilli, if you like, which existed before filtra-

tion, 10 or 20 persist after filtration, which does not make me feel
safe. I reflect that all the soluble toxical compounds, which the un-
avoidable foecal matter, urine, refuse water, etc., have carried into
the river, have passed the filter, at least partially, and are represented
in my tumbler."

PROF. PERCY FRANKLAND.—("Micro-Organisms in
Water," p. 120, et., seq.), reporting on the Hamburg cholera out-
break, quotes Professor Koch as saying that the outbreak was due
"to the fact that this imperfectly filtered water was largely diluted
by that which had been efficiently filtered;" and he continues, "the
responsibility which we have seen attaches to this treatment of water
(slow-sand filtration) cannot be exaggerated, for whilst when
efficiently pursued it forms a most important barrier to the dis-
semination of disease germs, the slightest imperfection in its

manipulation is a constant i.ienace during any epidemic."

DR. P. MIGUEL and MP. R. GAMBIER,—in their
Traiti de Bacteriologie Pure et Appliqu^, saying that "Filtration is

not sterilization, it is a makeshift which can be improved upon,"
make the following additional statement :

—

"Amongst the processes recommended to eliminate bacteria from
water, some resolve the problem only approximately ; sand filtration

belongs to the number ; it may reach a co-efficient of purification of

99.7 per cent. As pathogenic germs are less numerous in drinking
water than inoffensive ones, is it probable that the filters will retain

them in preference to the others?"

hh^M^^^^^i '%Kji^^'^'5iMMW:^ W^ £>i\' fi..
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takes the trouble to examine carefully the typhoid sources in cities

which have slow sand-filters, such as Poughkeepsie, Hudson and
Little Falls, N.Y. , Ashland, Wis. ; and Rock Island, 111.

ALLEN HAZEN, in a paper read at the Sanitary Conference of
the Health Officers of Connecticut at New Haven, December 17th,

1903, says:—"Most of the filters that have been installed in this

country have failed at times more or less, some of them have failed
habitually and disastrously, with others the failures have been
occasional and slight, and some have not failed at all. By failing, I

mean the water has been sent out from them considerably short of
the standard of purity established by reasonably well constructed
and operated filters."

THE CITY OF ROTTERDAM, HOLLAND, has one of the
best filtration plants ever constructed, the cost of operation, mainten-
ance, and other charges being a little over $15 per million. For
several months in the early part of 1903 the city was placarded with
notices, and the newspapers contained daily advertisements, warn-
ing the people not to use the water without first boiling it, as it was
contaminated with typhoid germs.

The late PROFE.«^SOR E. ANDREOLI, (London) :—" Sand
filtration on a large scale does not totally purify the water supplied
to towns and villages. Small filters are very inefVi, lent for individual
purposes."

EMILE GUARINI; (Scientific American, September 2nd,
'905):

—"Experience has shown that filtration is not always an ade-
quate way of sterilization."

DR. CALMETTE, Director of the Pasteur Institute of Lille,

Professor of the Faculty of Medicine at Lille:
—"Sand filtration

simply improves drinking water, but never gives a sufficient

security."

DR. CLIFFORD RICHARDSON, Director of the New York
Testing Laboratory, Long Island City, New York:—"I may remark
that while slow sand-filtration has been extremely satisfactory as
applied to water supplies on a large scale in the past, and while it is

well-known that slow sand-filtration will, when conducted under
proper supervision, remove a high percentage of the bacteria present
in the unfiltered water, the typhoid fever death rate in cities where
such filters ha\e been installed has not been reduced more than 70
or 80 per rent. While some typhoid fever must always originate

M^- 'Ji--
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MM. ERNEST MOREAU and AMBROISE RENDU:—These
experts, forming a recent commission of the Municipal Council of
Taris, report as follows:—"As rey:ards filtration, the report of MM.
Moreau and Rendu, supported by the authority of Humblot, of
Duclaux, of Dr. Miquel and by foreign authorities, only considers it

(filtration) as an expedient to which we should have recourse as
rarely as possible.

Supported by experiments'the authors' report says:

—

I. That the spring waters of Paris are such as to need purifi-

cation.

2. That sand-filtration cannot be applied to these spring waters.
3. That sand-filtration of raw water is inadequate to meet the

requirements of the Public Board of Health or of salubrity, unless
the output of the filters is reduced to a ridiculous degree.

To meet the conditions it is necessary to have recourse to a
chemical agent, which, as we have already indicated, is ozone, con-
cerning the employment of which the experts of the Consultative
Council of the Public Health of 1-rance and those of the City of Paris
are in complete at ord, even in their reservations.

' "And -.e authors' report concluded that by adopting this

method Paris will give an irreproachable character to all its waters
of alimentation, which are now, every day, being more and more
impeached." '—(Le Matin, December i8th, 1905).

DR. FERXAND BEZANCON, Professor and Chief of the
Bacteriological Laboratory of the Medical Faculty, Paris.

In April, 1904, Dr. Bezancon tested the effluent water of the
slow-sand filters of St. Maur, Paris, and found on April 14th, 1,550
colonies per c.c. of water; on April 30th, 107; on May 7th, 200; on
May loth, 120; on May 17th, 1,400; on May 28th, 600. These
filters were then running at the normal rate—a little over 2,000,000
gallons per acre. The work of the filters was subsequently reduced
so that they yielded less than half their estimated capacity.

DR. MIQUEL, Chief of the Micrographical Service of the
Montsouris Observatory, Paris.

Fiarly in 1905 Dr. Miquel conducted a series of tests of water
(lowing from the St. Maur filters and found the colon bacillus in the

effluent water, thus showing that sand-filtration even when operated
at a slow rate failed to remove all intestinal germs. On February
9th and loth this water contained 100,000 colonies per liter, and the

next day 130,000. The effluent from a newly-cleaned filter at St.

Maur was found to have 17 colonies of B. Coli in one liter of water.
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DR. RIDEAL, at the same session, discussing the question
whether pressure-filters had a hygienic equivalent in the old sand-
filter, observed,—' "That it had been shown that the latter, (sand-
filter), could not be relied upon for giving immunity from typhoid,
for in London they often had outbreaks of that disease which could
only be ascribed to the drinking of Thames water. In various parts
of the world whe/e pressure-filters had been used, it had been shown
that considerable reduction in the death rates had resulted ;'

at the
same time, like the sand-filter, the pressure-filter did not insure
absolute immunity from typhoid. So that neither was the perfect
solution of the problem. That being so, he asked whether it was
not advisable that both methods should be supplemented by a process
of sterilization."

'

DR. D. SUMMERVILLE:—Dr. Summerville, Lecturer on
Public Health, Kind's College, London, said:

—
' "They were all

agreed that no method of filtration was perfect, and that it was of
prime importance that pathogenic germs should be wholly cut out of
a potable water supply, and that they ought to accept with some
reservation the glowing accounts of the results obtained by pressure-
filters, kapid filtration under pressure increased the opportunities
for the passage of microbes. * * * As Americans had admitted
to him in their own country that certain pressure-filters had been a
bacteriological failure, he thought it better in the present state of

their knowledge to leave the question of their adoption for bacterial

filtration open, and to emphasize * * * the necessity of pro-
curing the best sources of water supplies, so that as little as possible
should be left to jilters."

'

^^jSS




